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PREFACE 

T h i s  i s  a b r i e f  d e s c r i p t i o n  of a proposed series of unique 

s c i e n t i f i c  experiments t o  be performed on t h e  moon. The relative 

t e c h n i c a l  s i m p l i c i t y ,  y e t  high s c i e n t i f i c  v a l u e ,  make i t  i d e a l l y  

s u i t a b l e  as an  e a r l y  t a s k  f o r  Apollo a s t r o n a u t s .  

would provide f o r  long-term extensions of t h e  s c i e n t i f i c  program t o  

manned missions i n  e a r t h  o r b i t  and t o  manned f l i g h t s  between e a r t h ,  

moon, and t h e  p l a n e t s  . 

Later program phases 

T h i s  suggest ion w a s  developed a s  p a r t  of t h e  Apollo Contingency 

Planning Study being performed f o r  t he  D i r e c t o r  of Advanced Manned 

Missions i n  t h e  O f f i c e  of Manned Space F l i g h t  a t  NASA Headquarters 

under Contract  NASr-21(09). It i s  intended t o  draw t h e  a t t e n t i o n  of 

program planners  t o  t h e  p o t e n t i a l  advantages of adopt ing e c l i p s e  

obse rva t ions  as one of t h e  major s c i e n t i f i c  o b j e c t i v e s  of  t h e  Apollo 

and post-Apollo programs. 
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SUMMARY 

Observations from the moon of eclipses of the sun and earth 

would present unique opportunities for performing valuable scientific 

experiments. They would be carried out most easily, efficiently, and 

economically by human observers with very simple instrumentation. 

For the early Apollo missions, technical problems are minor, 

except for the necessity to time the missions around one to four 

favorable periods in each year. Concurrent, complementary scientific 

observations are here suggested for performance from the earth and 

from manned, earth-circling spacecraft. 

Follow-on program phases are outlined in the context of sub- 

sequent lunar exploration and manned orbital laboratories, as well 

as for long-term scientific missions in cis-lunar and interplanetary 

space. This report discusses a progression of scientific objectives 

fran the start of the suggested program, with the expected results to 

be obtained in solar physics, geophysics, astronomy, meteorology, and 

relativity theory. 

Making eclipse observations one of the major scientific objectives 

of manned lunar exploration can be expected to receive support both 

from the scientific community and from the general public. The general 

public and amateur astronaners should be enlisted for active participa- 

tion in simple eclipse observations, simultaneous with those of the 

lunar astronauts. Such an enlistment could be achieved through press 

and communications media, and governmental and scientific channels of 

international contact. 
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I. INTRODUCTION 

E c l i p s e s  of t h e  moon and t h e  sun have been observed and s t u d i e d  

s i n c e  a n c i e n t  t i m e s .  Hardly a human be ing  has  not had t h e  opportuni ty  

o f  observing a lunar  e c l i p s e .  The rarer bu t  more awesome experience 

is  t h a t  of a s o l a r  e c l i p s e ,  w i th  the moon slowly obscuring t h e  sun 

u n t i l  t h e  whole landscape is  bathed i n  dim t w i l i g h t  and t h e  s p e c t a c u l a r  

s o l a r  corona makes i t s  appearance i n  t h e  s t a r r y  sky. 

Observat ions of lunar  and s o l a r  e c l i p s e s  are enormously va luab le  

f o r  astronomy, a s t r o p h y s i c s ,  and geophysics. Y e t  many worthwhile 

s c i e n t i f i c  experiments c o n s i s t  of simple f i l t e r  photography or  

photometry -- even only of v i s u a l  observat ions w i t h  p r e c i s e  t imings.  
The occurrence of observable  lunar e c l i p s e s  i s  q u i t e  f requent .  

But t h e  obse rva t ion  of s o l a r  e c l i p s e s  o f t e n  r e q u i r e s  s p e c i a l  exped i t ions  

t o  t h e  s p e c i f i c  geographical  area where one i s  v i s i b l e ,  only t o  be 

f r e q u e n t l y  f o i l e d  by weather. The d u r a t i o n  of t o t a l i t y  o f  a s o l a r  

e c l i p s e  i s  s h o r t .  Even on board a high-speed j e t  a i r c r a f t  chasing 

t h e  f l e e t i n g  e a r t h ' s  shadow above the  c louds ,  

u s u a l l y  only a few minutes t o  perform t h e i r  most important  experiments.  

I n  t h e  following, w e  s h a l l  consider  t h e  unique o p p o r t u n i t i e s  

s c i e n t i s t s  have 

r e s u l t i n g  from t h e  p o s s i b i l i t y  of performing e c l i p s e  obse rva t ions  on 

t h e  moon. The d i s c u s s i o n  w i l l  concentrate  on t h e  tasks which could 

be performed most e a s i l y  and advantageously du r ing  t h e  e a r l y  Apollo 

f l i g h t s ,  and w i l l  i n d i c a t e  some of t h e  long-term a s p e c t s  of a con t inu ing  

e c l i p s e  obse rva t ion  program as pa r t  of manned s p a c e f l i g h t .  
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11. BASIC PRINCIPLES AND GEOMETRY 

Astronomical e c l i p s e s  occur when t h e  l i g h t  from a c e l e s t i a l  

body, such as t h e  sun, i s  prevented by an i n t e r v e n i n g  c e l e s t i a l  

body from reaching a t h i r d  one and/or t h e  observer .  

are a l l  familiar with both t h e  lunar  e c l i p s e ,  where t h e  moon passes  

through t h e  e a r t h ' s  shadow, and t h e  s o l a r  e c l i p s e ,  where our view of 

t h e  sun i s  obscured by t h e  i n t e r v e n i n g  moon. Other m a n i f e s t a t i o n s  

of t h i s  c e l e s t i a l  phenomenon a r e  t h e  d a i l y  e c l i p s e s  of a r t i f i c i a l  

s a t e l l i t e s  i n  t h e  e a r t h ' s  shadow, t h e  occas iona l  o c c u l t a t i o n s  of stars 

by p l a n e t s ,  o r  t h e  obscu ra t ion  of r a d i o  stars by t h e  moon, sun o r  

s o l a r  corona. 

On e a r t h ,  w e  

The n a t u r e  of an e c l i p s e  i s  dependent on t h e  l o c a t i o n  of t h e  

observer .  The d i f f e r e n c e  i n  geometry i s  important and schemat i ca l ly  

i l l u s t r a t e d  i n  Fig.  1. On e a r t h ,  l una r  e c l i p s e s  a r e  g e n e r a l l y  v i s i b l e  

t o  everyone over t h e  e n t i r e  hemisphere f ac ing  t h e  moon. S o l a r  

e c l i p s e s ,  on t h e  o the r  hand, can only be seen by obse rve r s  l o c a t e d  

w i t h i n  a narrow band corresponding t o  t h e  pa th  of t h e  moon's shadow 

on t h e  e a r t h  ' s s u r  face.  

Note from Fig.  1 t h a t  f o r  an observer  on t h e  moon a " S O M  ECLIPSE" 

occurs  when w e  on e a r t h  are observing a lunar  e c l i p s e .  S i m i l a r l y ,  

du r ing  a "TERRESTRIAL ECLIPSE" ( r e a l l y  a t r a n s i t  o r  shadow c r o s s i n g ) ,  

a s o l a r  e c l i p s e  i s  observed on e a r t h .  The e a r t h  be ing  b igge r  t han  t h e  

moon, and because of t h e i r  r e l a t i v e  motions,  an e c l i p s e  of t h e  moon by 

t h e  e a r t h  (observed on t h e  moon as a SOLAR ECLIPSE) i s  q u i t e  an  

ex tens ive  phenomenon, both s p a t i a l l y  and temporal ly .  It w i l l  be 

v i s i b l e  for  a r e l a t i v e l y  long time from a l l  p o i n t s  of t he  lunar hemi- 

sphere a t  which t h e  e a r t h  i s  above t h e  horizon.  

* 

* 
Throughout t h i s  r e p o r t ,  upper-case l e t t e r s  w i l l  r e f e r  t o  an  

e c l i p s e  viewed from t h e  moon, lower-case t o  one viewed from t h e  e a r t h .  
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Full Moon Situation 

Sun 
Ob s e rve r 

On Earth:  Lunar ecl ipse 
On Moon: SOLAR ECLl PSE 

Phenomenon 

New Moon Situation I 

Sun 
0 bserve r Phenomenon 

On Earth:  Solar ecl ipse 

On Moon: TERRESTRIAL ECLl PS E 

Fig. 1 -Schematic diagram of the celestial geometry 
of lunar and solar eclipses (no t  to scale) 
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111. SCIENTIFIC OBJECTIVES 

INITIAL APOLLO PROGRAM 

S o l a r  Ec l ipses  on Ear th  

The gene ra l  s c i e n t i f i c  a i m s  and o b j e c t i v e s  of e c l i p s e  r e sea rch  

are w e l l  known. (2'3)  

value  t o  s o l a r  physics  and provide us  w i t h  important  in format ion  about  

t h e  s o l a r  corona, t he  outermost reg ion  of t h e  s u n ' s  atmosphere t h a t  

ex tends  i n t o  space f o r  m i l l i o n s  of m i l e s .  

S t u d i e s  of  s o l a r  e c l i p s e s  are of fundamental 

The b r igh tness  of t h e  sun makes t h i s  corona i n v i s i b l e  under 

normal condi t ions .  So la r  physics  has  been g r e a t l y  helped i n  r ecen t  

yea r s  through the  inven t ion  of  t he  coronagraph, an instrument  t h a t  

a r t i f i c i a l l y  b locks  out  t h e  s o l a r  d i s k  and makes t h e  r i m  v i s i b l e .  

Never the less ,  t h e  b e s t  d a t a  are obta ined  when it i s  t h e  moon t h a t  

b locks  out t h e  sun dur ing  a n  e c l i p s e .  Visua l ,  photographic ,  spec t ro -  

s cop ic ,  and radio-astronomy s t u d i e s  provide knowledge on t h e  r a d i a l  

ex ten t  and shape of t h e  corona, on i t s  v a r i a t i o n s  w i t h  s o l a r  cycle 

and sunspot a c t i v i t y ,  on s t reams of h o t  plasma which emanate from t h e  

lower l aye r s  of t he  s o l a r  atmosphere,  and on t h e  i n t e r a c t i o n  between 

the  corona and i n t e r p l a n e t a r y  space.  

I 

Prec i se  as t ronomica l  photographs dur ing  a s o l a r  e c l i p s e  can a l s o  

be used t o  i n v e s t i g a t e  t h e  E i n s t e i n  s h i f t ,  caused by t h e  bending of 

s t a r l i g h t  i n  t h e  v i c i n i t y  of t h e  massive body of t h e  sun.  

Lunar Ecl ipses  on Ea r th  

Observat ions of lunar  e c l i p s e s  provide informat ion  about t h e  

e a r t h ' s  atmosphere no t  r e a d i l y  ob ta inab le  o therwise .  

p r i m a r i l y  employed are those  of v i s u a l  photometry, p h o t o e l e c t r i c  

photometry, photographic photometry, and photographic  spec t ro -  

photometry. The phenomena of shadow inc rease  and shadow f l a t t e n i n g  

can i n d i c a t e  v a r i a t i o n s  about  t h e  temperature  s t r u c t u r e  and the  

presence of absorbing l a y e r s  h igh  i n  t h e  upper atmosphere. ( 4 )  The 

apparent  b r i g h t n e s s  of t h e  moon dur ing  an e c l i p s e  changes from year  t o  

The techniques 
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y e a r  and i s  connected wi th  t h e  global  weather s i t u a t i o n  on e a r t h .  

a l so  seems t o  be r e l a t e d  t o  s o l a r  a c t i v i t y  i n  a s t i l l  unexplained 

way. 

It  

The opportuni ty  of obtaining a l l  t h i s  important information and 

s i m i l a r  d a t a  causes  s c i e n t i s t s  t o  p repa re  i n  advance f o r  and await 

e a g e r l y  each e c l i p s e .  I n  add i t ion ,  thousands o f  amateurs a l l  over 

t h e  wor Id f r equen t ly  p a r t i c i p a t e  i n  o b s e r v a t i o n a l  programs and have 

provided many supplementary d a t a  f o r  a v a r i e t y  of s t u d i e s ,  i nc lud ing  

t h o s e  mentioned above. 

SOLAR ECLIPSES on t h e  Moon 

The p o s s i b i l i t y  of observing e c l i p s e s  from t h e  moon o f f e r s  a 

number of unique advantages f o r  s t u d i e s  h e r e t o f o r e  n o t  p o s s i b l e .  The 

g r e a t e s t  advantage i s  t h a t  observat ions of SOLAR ECLIPSES caused 

by t h e  passage of t h e  e a r t h  between sun and moon are of much longer 

d u r a t i o n  f o r  an  observer  on t h e  moon. Furthermore, they can be 

observed from wide areas of t h e  moon's su r f ace .  S ince  t h e  moon has  

no a p p r e c i a b l e  atmosphere, t h e  usual a tmospheric  i n t e r f e r e n c e  w i t h  

obse rva t ion  i s  missing. 

Viewed from t h e  moon during a SOLAR ECLIPSE, t h e  e a r t h  can t h e o r e t -  

i c a l l y  be expected t o  be surrounded by r e f r a c t i o n  images of t h e  sun,  

and by a narrow, b r i g h t  f r i n g e  caused by d i f f u s i o n  of l i g h t  i n  t h e  

e a r t h ' s  atmosphere. (Reca l l  t h e  Mercury a s t r o n a u t  obse rva t ions  of 

t h e  terrestrial  ho r i zon . )  Near the c e n t e r  of t h e  shadow, and i n  t h e  

b l u e  p a r t  of t h e  spectrum, t h i s  parasi t ic  i l l u m i n a t i o n  by t h e  

t e r r e s t r i a l  atmosphere should be q u i t e  n o t i c e a b l e .  

I n  a d d i t i o n  t o  t h e  s t u d i e s  a p p l i c a b l e  t o  s o l a r  e c l i p s e s  observed 

from e a r t h ,  obse rva t ions  from the moon w i l l  provide d a t a  on t h e  geo- 

corona, t h e  outermost r eg ions  of t h e  e a r t h ' s  atmosphere. 

t iming of t h e  passage of t h e  shadow a t  t h e  obse rva t ion  s i t e ,  and 

measurements of t h e  shadow i n t e n s i t y ,  cosmic r a y  a c t i v i t y ,  and s u r f a c e  

and s o i l  temperature  can be performed on t h e  s p o t .  

P r e c i s e  
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TERRESTRIAL ECLIPSES on t h e  Moon 

An as t ronau t  on t h e  moon w i l l  observe a TERRESTRIAL ECLIPSE as 

t h e  passing o f  a c i r c u l a r  shadow d i s k ,  surrounded by a l i g h t e r  

penumbra, over t h e  s u r f a c e  of t h e  e a r t h .  

and i t  i s  d i f f i c u l t  t o  fo re see  e x a c t l y  what t hose  d a t a  may reveal.  

Some of t h i s  i s  d i scussed  below. 

T h i s  w i l l  be  a new expe r i ence ,  

Simultaneous Observat ions 

With r e f e r e n c e  t o  F ig .  1, r eca l l  t h a t  w e  on e a r t h  observe a n  

e c l i p s e  of t h e  moon whi l e  an  a s t r o n a u t  on t h e  moon i s  exper ienc ing  a 

SOLAR ECLIPSE. Analogously,  l i m i t e d  areas on e a r t h  exper ience  a 

s o l a r  e c l i p s e  wh i l e  a TERRESTRIAL ECLIPSE i s  occur r ing  on t h e  moon. 

Uniquely important  r e s u l t s  can t h e r e f o r e  be expected t o  come from 

simultaneous observa t ions  of t h e s e  phenomena. During e c l i p s e s  on t h e  

moon, a n  a s t r o n a u t  (perhaps supplemented by a manned s p a c e c r a f t  i n  

o r b i t  around t h e  e a r t h )  could g ive  u6 unprecedentedly comprehensive 

e c l i p s e  da ta .  

shadow passage, weather  in format ion  a long  t h e  t e rmina to r ,  v i s u a l  

appearance of  t h e  moon's s u r f a c e ,  d e n s i t y  o f  t h e  shadows, appearance 

and a c t i v i t y  of s u n ' s  d i s k  and s o l a r  corona,  r e f l e c t i v i t y  of t h e  moon's 

s u r f a c e ,  a lbedo  of e a r t h ,  and many more. 

Among t h e  d e s i r e d  supplementary d a t a  are  t imings of t h e  

Ins t rumenta t ion  

It cannot be overemphasized t h a t  l una r  a s t r o n a u t s  w i l l  need 

exceedingly s imple in s t rumen ta t ion .  Unti l  la ter  yea r s  when s c i e n t i f i c  

r e s u l t s  w i l l  enable  s p e c i f i c a t i o n  of more s o p h i s t i c a t e d  equipment, a l l  

t h e  s t u d i e s  mentioned above can be  performed w i t h  photographic  equip-  

ment with va r ious  f i l t e r s ,  thermometers, a s imple t e l e s c o p e ,  a s t o p  

watch, a ge iger  coun te r ,  e t c .  

Eventua l ly ,  one can f o r e s e e  demands f o r  much more complicated 

equipment, even r a d i o  t e l e s c o p e s  and cosmic r a y  monitors .  But 

t hese ,  one should remember, could be  landed i n  advance by unmanned 

spacecraft, and later a c t i v a t e d  o r  guided by a s t r o n a u t s .  
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Despi te  t h e  seeming s i m p l i c i t y  of t h e  d e s i r e d  obse rva t ions ,  

having them performed by unmanned instruments  would be a formidable 

and very complicated requirement. Perhaps i n  no o t h e r  a s p e c t  of 

t h e  i n i t i a l  Apollo program are man's unique a b i l i t i e s  so necessary 

f o r  t h e  performance of s c i e n t i f i c  s t u d i e s  impossible  from t h e  e a r t h .  

Tables  1 and 2 are l i s t i n g s  of suggested i n i t i a l  obse rva t ions  

t o  be performed during a SOLAR ECLIPSE and du r ing  a TERRESTRIAL 

ECLIPSE, r e s p e c t i v e l y .  The l i s t i n g  i s  n o t  exhaus t ive ,  b u t  i s  

i n d i c a t i v e  of t h e  type of simple experiment s u i t a b l e  f o r  e a r l y  Apollo 

f l i g h t s .  

Table 1 

Proposed I n i t i a l  Experiments During t h e  Occurrence of a 

SOLAR ECLIPSE on t h e  Moon 

~ 

Observing S i t e  

On t h e  Moon 

On Ear th  

Aboard Spacec ra f t  
( i n  Ea r th  O r b i t )  

Ob s e rva  t i ona 1 Program 

Color photographs of sun 
Time-lapse movies of s o l a r  corona 
Timing of e c l i p s e  progress  
F i l t e r  photography of sun and s o l a r  corona 

Timing of shadow passage a t  observing s i t e  
Soil t e q e r a t u r e  at observing s i te  
Cosmic-ray i n t e n s i t y  a t  observing s i t e  
Color photography of t e r r a i n  of observing s i t e  

(shadow i n t e n s i t y )  

Standard p ro fes s iona l  obse rva t ions  f o r  occurrence 
of lunar  e c l i p s e  (astronomy, meteorology, 
lunar  physics) 

(photography, e c l i p s e  t iming,  shadow b r i g h t -  
nes s ,  c r a t e r  t imings)  

( l o c a l  weather i n fo rma t ion ,  photography, 
t imings ) 

Amateur astronomer p a r t i c i p a t i o n  

P u b l i c  p a r t i c i p a t i o n  

- 
Photography of Moon 
Photometry of a lbedo 
Weather formations a long  t e rmina to r  
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Ab oar  d S pace c r a  f t 
( i n  Ear th  O r b i t )  

Table  2 

Proposed I n i t i a l  Experiments During t h e  Occurrence of  a 

TERRESTRIAL ECLIPSE on t h e  Moon 

Photography of  sun  and s o l a r  corona 
Radio t r ansmiss ion  and r e c e p t i o n  s t u d i e s  
Photography of shadow t r a n s i t  on e a r t h  
Cosmic-ray experiments  

Observing S i t e  I Obse rva t iona l  Program 

On t h e  Moon Photography of  e a r t h  
.Time-lapse movies of  shadow p rogres s ion  
Timing of  shadow t r a n s i t  over e a r t h  
Albedo obse rva t ions  
"nadio r e c e p i i o n  s t u d i e s  

On Ear th  S taqdard  p r o f e s s i o n a l  obse rva t ions  f o r  occur rence  
of s o l a r  e c l i p s e  (astronomy, s o l a r  phys ics ,  
ionospher ic  phys i c s ,  r a d i o  astronomy) 

Amateur as t ronomer p a r t i c i p a t i o n  
(photography, e c l i p s e  t iming)  

Pub l i c  p a r t i c i p a t i o n  
( s o l a r  photography, t iming,  t e r r a i n  photography, 
r a d i o  r e c e p t i o n ,  a i r  temperature  measurements) 

LONG-TERM ASPECTS 

The conduct of  e c l i p s e  obse rva t ions  from t h e  moon by a s t r o n a u t s  

should  be cons idered  as one p o r t i o n  of a comprehensive program of 

r e l a t e d  observa t ions .  I n  t h i s  c o n t e x t ,  i t  has  a l r e a d y  been shown t h a t  

t h e  suggested i n i t i a l  observa t ions  should be  c a r r i e d  out  j o i n t l y  w i t h  

complementary obse rva t ions  be ing  performed on e a r t h ,  and from manned 

e a r t h - c i r c l i n g  s p a c e c r a f t .  Th i s  pre l iminary  phase can be  expected t o  

provide  s c i e n t i f i c  pay-of fs  p r imar i ly  i n  s o l a r  phys ics  and geophysics.  

A second phase can be  foreseen ,  a f t e r  t h e  i n i t i a l  r e s u l t s  and 

experience c l a r i f y  t h e  course  t h a t  a long-term miss ion  program should  

take .  I f  thought  of  as p a r t  of t h e  Apollo-follow-on a c t i v i t i e s ,  t h e  

requirements  can be  s p l i t  i n t o  two avenues -- on t h e  moon and on a 

space  s t a t i o n .  F i r s t ,  t h e  observing c a p a b i l i t i e s  on t h e  moon might 

be expanded by provid ing  more s o p h i s t i c a t e d ,  second-generat ion i n s t r u -  

mentat ion.  Th i s  should inc lude  as t ronomica l  equipment t o  permit photo- 

metry and spec t roscopy,  and perhaps r a d i o  astronomy. Another ,  p a r a l l e l  
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program phase should provide f o r  s c i e n t i f i c a l l y  analogous equipment 

aboard a manned space s t a t i o n  i n  o r b i t  around e a r t h .  

t i m e  p e r i o d ,  i t  may a l s o  become t e c h n i c a l l y  f e a s i b l e  f o r  c i s - l u n a r  

f l i g h t s ,  i n  t h e  space between e a r t h  and moon, t o  follow t r a j e c t o r i e s  

which w i l l  r e s u l t  i n  temporary eclipses of t h e  sun, e a r t h ,  and moon 

f o r  on-board observers .  Throughout t h i s  second phase, emphasis should 

a g a i n  b e  placed on o p p o r t u n i t i e s  for  coord ina ted ,  simultaneous 

obse rva t ions .  I n  a d d i t i o n  t o  s c i e n t i f i c  r e s u l t s  v a l u a b l e  f o r  s o l a r  

phys i c s  and geophysics,  t h i s  program phase w i l l  be  a b l e  t o  provide 

important  d a t a  f o r  s t u d i e s  i n  astronomy, meteorology, i n t e r p l a n e t a r y  

p h y s i c s ,  and r e l a t i v i t y  theory.  

During t h i s  

A t h i r d  phase of t h e  program would become d e s i r a b l e  i n  t h e  context  

of manned i n t e r p l a n e t a r y  f l i g h t s .  Although t h e  c h a r a c t e r i s t i c s  of t h e  

earth-moon system are such as t o  make t h i s  regime t h e  most d e s i r a b l e  

f o r  t h e  s c i e n t i f i c  o b j e c t i v e s  of e c l i p s e  r e s e a r c h ,  i n t e r p l a n e t a r y  

f l i g h t  w i l l  provide o p p o r t u n i t i e s  for observing o c c u l t a t i o n s  of stars 

by p l a n e t s ,  for example, o r  t r a n s i t s  of p l a n e t s  i n  f r o n t  of t h e  sun (a 

very rare occurrence f o r  us  t o  see from e a r t h ) .  Because of t h e  

s m a l l  s i z e s  of t h e  moons of Mars, and t h e  absence of any moons around 

Venus, i n  s i t u  e x p l o r a t i o n  of t h e s e  p l a n e t s  w i l l  n o t  provide d i r e c t l y  

any inc reased  payoff from e c l i p s e  obse rva t ions ,  as a g a i n s t  r o u t i n e  

a s t ronomica l  observat ions.  However, d i s c o v e r i e s  made du r ing  t h e  

e a r l i e r  phases of t h e  suggested e c l i p s e  obse rva t ion  program may open 

d e s i r a b l e  o b j e c t i v e s  n o t  fo re seen  a t  t h i s  t i m e .  
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I V .  TECHNICAL PROBLEMS 

TIME RESTRICTIONS 

Ec l ipses  follow a p r e c i s e  t i m e  schedule .  Though r e s t r i c t i o n s  on 

ope ra t iona l  t iming  are t h u s  severe w i t h  r e s p e c t  t o  t h e  day of a n  

e c l i p s e ,  they are  much less l i m i t e d  than  on e a r t h  w i t h  r ega rd  t o  

favorable  observ ing  l o c a t i o n s  and hours  of occurrence.  

T a b l e  3 below i s  a l i s t  of t h e  e c l i p s e s  scheduled t o  occur du r ing  

t h e  next  f e w  years .  It i s  taken  from t h e  c l a s s i c a l  Canon of Ec l ip ses  

by von Oppolzer. (5) Note t h a t  s o l a r  and lunar  e c l i p s e s  are sepa ra t ed  

by approximately a f o r t n i g h t .  

l i s t e d  t o  occur on t h e  moon between October 1968 and February 1970. 

Note a l s o  t h a t  no SOLAR ECLIPSE i s  

Table  3 

E c l i p s e  Schedule 

SOLAR ECLIPSE on Moon 
(Lunar Ec l ipse  on Ea r th )  

TERRESTRIAL ECLIPSE on Moon 
(Solar  E c l i p s e  on E a r t h )  

13 A p r i l  

6 October 

21 February 

10 February 

6 August 

30 January 

26 J u l y  

10 December 

4 June 

29 November 

25 May 

1968 * 
1968 * 
1970 

1971 * 
1971 * 
1972 * 
1972 

1973 

1974 

1974 * 
1975 * 

28 March 

22 September 

18 March 

11 September 

7 March 

31 August 

25 February 

22 J u l y  

20 August 

16 June 

10 J u l y  

1968 

1968 * 
1969 

1969 

1970 * 
1970 

1971 

1971 

1971 

1972 

1972 * 
* 
T o t a l  
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F u r t h e r  ephemeris-type c a l c u l a t i o n s  a r e  needed t o  provide such 

a d d i t i o n a l  information as t h e  following: p r e c i s e  t i m e s  and pa ths  of 

t h e  e c l i p s e s  as viewed from t h e  moon; f avorab le  l o c a t i o n s  f o r  observers  

on t h e  moon; p o t e n t i a l  t a n g e n t i a l  occurrences not  l i s t e d  i n  T a b l e  3, 

and t h e  degree of such e c l i p s e s  on the moon; p o t e n t i a l  stellar and 

p l a n e t a r y  e c l i p s e s  and t r a n s i t s  f o r  c i s - luna r  and i n t e r p l a n e t a r y  

t r a j e c t o r i e s .  

SY STEN OPERATIONS 

Opera t iona l  r e s t r i c t i o n s  a r e  pr imar i ly  those  of t iming d iscussed  

above. S c i e n t i f i c a l l y ,  t h e  most d e s i r a b l e  observa t ions  are those  of 

e c l i p s e s  of t h e  sun by e a r t h  ( i . e . ,  SOLAR ECLIPSES on t h e  moon) -- 
e s p e c i a l l y  t o t a l  ones. 

The simple in s t rumen ta t ion  r equ i r ed  f o r  t h e  i n i t i a l  program phase 

w a s  d i scussed  i n  S e c t i o n  111. Provis ion  has  t o  be made, however, 

f o r  such ins t ruments  as cameras t o  be e a s i l y  opera ted  by a s t r o n a u t s  

i n  s p a c e - s u i t s .  

du r ing  later Apollo f l i g h t s  could be landed i n  advance by unmanned 

s p a c e c r a f t  . 

Ins t ruments  f o r  rad io-as t ronomica l  observa t ions  

P r e - t r a i n i n g  of a s t r o n a u t s  would be  d e s i r a b l e  and should inc lude  

about  f i v e  i n s t r u c t i o n a l  l e c t u r e s  on t h e  b a s i c  s c i e n t i f i c  p r i n c i p l e s  

involved ,  t r a i n i n g  i n  t h e  use  of ins t rumenta t ion ,  and t h e  observing 

of e c l i p s e s  from ground or from a i r c r a f t  dur ing  t h e  yea r s  p r i o r  t o  

t h e  miss ions .  
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V. SCIENTIFIC COMMUNITY AND GENERAL PUBLIC 

EXPECTED REACTIONS 

There is a well-known dichotomy among the scientific community 

with regard to the value of manned space exploration as against 

exploration by unmanned, instrumented spacecraft. The proposition of 

declaring eclipse observations as one of  the major scientific 

objectives of the Apollo program can be expected to receive a pre- 

dominantly favorable reaction. 

First, it should be emphasized that there is nothing new about a 

suggestion to observe eclipses from the moon. In fact, basic eclipse 

theory uses a mathematical approach along these lines. (2)  

many scientists are acquainted with the applicable theories and the 

current state of knowledge in the field, eclipses per se are not an 

abstruse phenomenon. Thus, scientists of many disciplines are at 

least aware of the great"scientific value of such observations, if 

not all the detailed applications in astronomy, solar physics, geo- 

physics, meteorology, and relativity theory. This contrasts strongly 

with the limited, specialized interest in geological studies of the 

lunar surface, for example. 

While not 

Secondly, it has been pointed out that observing techniques on 

the moon require rather simple instrumentation that can easily be used 

by astronauts with little pre-training. Conducting these observations 

by means of automatic instrumentation, on the other hand, would 

represent a formidable task, probably beyond our technical abilities 

for years. Furthermore, it would so increase the complexity and weight 

demands for automatic guiding and programming equipment that manned 

operation seems economically mandatory. 

It does not appear too optimistic to expect that, once these 
ideas penetrate the scientific community, the proposed program may 

become "the obvious thing to do for astronauts on the moon." 



-13- 

PUBLIC PART I C I  PAT ION 

An a d d i t i o n a l  a s p e c t  of t h e  proposed program cannot be under- 

emphasized. 

s c i e n t i f i c  phenomena which r ep resen t  something understandable t o  t h e  

layman. E c l i p s e s  are something t h a t  many people have seen themselves ,  

read about  i n  t h e  newspapers, seen p i c t u r e d  i n  magazines; they are no t  

something s t r a n g e  t h a t  only s c i e n t i s t s  t a l k  about.  

Lunar and s o l a r  e c l i p s e s  are one of t h e  very few 

I n  a c a l l  f o r  i n t e r n a t i o n a l  simultaneous obse rva t ions  by laymen, 

i t  must no t  be expected t h a t  t he  general  p u b l i c  can c o n t r i b u t e  many 

important  s c i e n t i f i c  da t a .  These can be expected t o  come from 

thousands of amateur astronomers over t h e  world. On t h e  other  hand, 

some s imple p a r t i c i p a t i o n ,  such as obse rva t ions  of l o c a l  c loudiness  

o r  t imings  of t h e  e c l i p s e  could be use fu l .  

More important ,  t h i s  a sk ing  for  h e l p  through performance of 

s imple obse rva t ions  by t h e  gene ra l  pub l i c  wh i l e  t h e  a s t r o n a u t  i s  do ing  

S i m i l a r  obse rva t ions  on t h e  moon, should create a f e e l i n g  of pe r sona l  

p a r t i c i p a t i o n  i n  t h e  Apollo program. N o  doubt t h e  p r e s s  and conrmunica- 

t i o n  media would provide f o r  general  awareness. Of importance f o r  

worldwide coverage would be t h e  performance of such obse rva t ions  on an  

i n t e r n a t i o n a l  scale. P r o f e s s i o n a l  p a r t i c i p a t i o n  could be arranged 

through t h e  Na t iona l  Academy of Sciences,  and governmental channels 

could be used t o  e n l i s t  t h e  population of o t h e r  c o u n t r i e s .  
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